Effects of maternal starvation on hepatocyte proliferation in the late gestation fetal rat.
Fetal growth retardation, a common end point for a variety of conditions affecting mother and fetus, is associated with reduced liver mass. We have performed studies to determine the mechanism for decreased liver mass in a maternal starvation model of fetal growth restriction in the rat. Pregnant dams were deprived of food for 48 h before delivery on embryonic day 19 (E19). Fetal body weight was not affected. However, fetal liver weight was reduced by approximately 15%. Immunostaining of fetal liver for proliferating cell nuclear antigen and flow cytometry on isolated fetal hepatocytes showed G1 cell cycle arrest in samples from starved dams. Based on our prior studies showing attenuated hepatic insulin signaling in the late gestation fetal rat, we tested the hypothesis that G1 arrest in our model might be due to altered nutrient signaling. Fetal plasma amino acid analyses showed no decrease in branched-chain amino acids, but arginine concentrations were decreased in fetuses of fasted mothers. Reduced arginine in E19 fetal hepatocyte culture media was associated with decreased DNA synthesis. Whereas levels of cyclins D and E were unchanged in fetal hepatocytes exposed to low arginine, cyclin E-dependent kinase activity was reduced. Low arginine also induced changes in the translational machinery, indicative of impaired signaling through the nutrient sensing kinase mammalian target of rapamycin. Our results are consistent with the hypothesis that restricted nutrient availability signals to the hepatocyte cell cycle in fetuses of fasted mothers, thereby accounting for decreased hepatocyte proliferation and liver mass.